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INTRODUCTION 

High densiry FLASH EEPROM for solid state disk 
applications requires minimisation of die area while maintaining 
the flexibility and controllability needed for low cost storage 
systems. This 18Mb serial FLASH EEPROM utilizes standard 
512B sectoring for erase and high parallelism for program and 
read operations. Erase sector grouping reduces the erase selection 
circuits by a factor of four over previous designs and a 256 bit 
programming chunk uzt increases the program data rate by a 
factor of four while a shared data latch architecture maintains a 
similar cell size versus sense area pitch compared to previous 
designs (I J. In addition, a serial chip selection scheme 1 which 
requires minimal die area enables multiple chip operations to be 
easily performed. 

The die is fabricated using a triple poly, single metal, 
twin well 0.5u CMOS process with memory cell size of 2.lu 2 and 
die size of 396 mils X 290 mils (74 mm 2 ). The split gate, buried 
n+ source/drain, virrual ground Rash EEPROM memory uses 
channel hot electron injection for programming and inter poly 
dielectric tunneling for erase (see figure I for cell operation 
voltages). 

SERIAL INTERFACE / CHIP SELECTION 

This serial access memory chip 1 is designed to be used 
in multi-chip systems and uses a dedicated PCMCIA ATA type U 
controller. A block diagram of the storage system is shown in 
figure 2. The serial interface, read protocol, sensing circuits and 
register architecture have been previously described ( t J. Program 
and erase voltages, timing and error correction (ecc) are 
controlled externally. In the system, each chip's six address pins 
are decoded (hard wired to ground and/or VDD) to indicate an 
individual chip select code identity. To serially select a chip, the 
CS pin is taken high; PD sets as the clock signal, and data input 
to SI(0:1) for all chips is used to compare with each chips identity 
code. On the falling edge of CS\ the input code is latched and 
compared with all chip's identity codes. If a match occurs, that 
chip is selected and is enabled to receive other commands. 
Multiple chip select lines arc unnecessary; system routing is 
minimized and chip packing density maximized. Several chips 
may be sequentially selected in this way so that operations can be 
broadcast in parallel to multiple chips in a system. 1 

GLOBAL ARCHITECTURE 

The 18Mb flash memory device is organized into four 
quadrants, each with 2304 columns and 2048 rows (sec figure 3). 
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One quadrant contains 1024, rwo-row sectors comprised of 512 
bytes for user data, and 64 bytes for overhead and error correction 
information (ECC). Each row is further divided into nine, 256 bit 
chunks used as the smallest increment for program or read 
operations; the 575 byte sector is the smallest unit for erase 
operations. Tne programming of 256 bits simultaneously is made 
possible by a low programming current cell design. 

Each row-pair shares one common erase gate word line. 
New to this design is an additional erase pump (ep) decode which 
enables one erase gate pump to be used for four sectors (see 
figure 4). -The ep lines are latch-gated pumped signals which 
further decode a one of four selection of sectors to be erased. In 
this way, the pitch of the erase gate pumps and erase gate 
selection latches (tag-latehes) are reduced to 1/4 the area of 
previous designs while maintaining full and discrete selection of 
individual (or multiple, -if desired) sector erase (typical 1ms 
pulse). 

The 256 bit chunk is programmed or read through the 
parallel upload or download from an adjacent data register. 
During programming, bit lir.es (256 bits) are selectively brought 
to their programming level after serially loading the data into the 
data register. During READ, the simultaneous sensing of the 256 
bits* cell currents is used to set or reset the data register latches 
which is then serially shifted to the output while the next chunk is 
being accessed. The data register is physically separated so that 
half of each register is on either the top or bottom of each 
quadrant. This doubles the effective layout pitch of the register 
and allows the cen;er registers to be shared by the top and bottom 
quadrants. 

CHUNK PROGRAM AND BIT LINE REGULATION 

During programming, the bit lines are regulated 1 as a 
function of a controller supplied voltage source. This eliminates 
bit line voltage cell load current dependence and ensures more 
consistent programming (typical 5us pulse) characteristics and 
resistance to disturbs resultant from voltage spikes. Figure 5 
shows the circuit diagram of the bit line regulation circuit and 
data latch. Vbl is an internally buffered version of the external 
voltage supply. Transistors Ml through M9 represent one side of 
a differential amplifier. Vbl is incident to M10 which is the other 
side of the differential amplifier. Mil and M12 are transistors in 
an active load configuration and M13 is a current mirrored 
transistor to a regulated current source. The circuit is repeated 
for each sense block (256 times) and is gated to a selected bit line 
with a traditional Y select decode. The data latch portion of the 
circuit consists of inverters 1 1 though 14 and transfer gates Tl and 
T2. Transistor M15 is the program load which pulls the 
associated data lir.c to the bit line voltage dependent on the state 
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of 13 and 14 throujh vanii.ior MI6. M17 i, the react .ransis.or 
which resets the data Inch. 

REFERENCE CELL ARCHITECTURE 

w n L P i S £li? MWi reference ce " block - At factory test, 
the flash EEPRO.M reference eeU current i, compared to an 
externally supplied current so that subsequent programming and 
erasing ot the reference cell can be used to precisely set its 
desired value (e.g 1/2 the normal read current) for subsequent 
Held applications. 2 This adjustable reference cell provide* an 
easy means to optimize performance and reliability 
characteristics of the memory. Transistor CI is the reference eeU 
wluch ts programmed through mO. ml and m2 with gate voltage 
V, and drain voltage. Vbl. Vb sets the drain bias through m3 
and the current is mirrored vi. mi through m8 creating Cref 
which ts routed to the 236 sense amplifiers to compare with the 

«im * F0r rcferenCe cdl cmenl i"PW through 

SI(0). mirrored through mlO and compared to Cref by mil and 
ml2. The output of the comparison is routed to the output 
buffers. r 
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Figure 3: Chip Architecture 
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Figure 5: lilt Line Regulation and Duta Latch Circuits 



CONCLUSION 

A low cost high density 18Mb serial FLASH EEPROU 
for sohd state d-sk appiicaion. hxs been describe "S^* 
improved architecture. hi s hcr performance and a sr.a-ler d ic si « 
.i achieved while maintaining a small sector size «* flexibil v 
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Figure 2: System Block Diagram 



738- 



TP 

C « mf «t 



TAQ 
La ««*»•• 

*iaa« in 



CO ^rw 



nrrnnr. 



. CO I 



■» CO MM 



Iprcftnr- 



Figure 4: EP Decode Detail 
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Figure 6: Reference Cell Circuits 
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